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Abstract 
A microclimate is the unique climate of a small-scale region, such as a field or parts of urban or rural areas. The 
weather variables in a microclimate include temperature, wind, humidity, land forms, and water regimes. In Northern 
Taiwan’s Taoyuan County, irrigation ponds take a long time to heat up during the summer months, keeping these 
rural areas cooler than surrounding urbanized areas. Based on Geographic Information System (GIS) layers 
associated with Digital Terrain Modeling (DTM), along with Advanced Spaceborne Thermal Emission and 
Reflection Radiometer (ASTER) images, this paper examines temperature variables in four counties/cities in Taiwan 
for the past century. Urban development is found to have contributed to temperature increases, but an understanding 
of the cooling mechanism is still incomplete. Temperatures in the Taoyuan tableland have declined, at odds with 
trends in other areas in Taiwan as well as on a global scale. In Taoyuan, the Times-Series Regression Model was used 
to extrapolated a downward trend from a mean current temperature of 21.3°C currently down to 19.72°C in 2099, 
assuming the area of irrigation ponds remain unchanged. 
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1. Introduction 
Studies of the cooling effects of small waterbodies began in the 1990s. Ishii et al. (1990/91) studied the 
variable thermal effects of filled and drained ponds [1], with filled ponds, due to water-surface cooling 
effects, and drained ponds, due to wet-bed effects, both creating a cool island effect in experiments. 
Therefore, “wetscapes” might also create a cool island effect, reducing temperatures in wet beds from 
lentic waters to lotic waters. The thermal phenomena of effluents in streams and rivers at different spatial 
scales had been studied [2]. However, understanding these mechanisms in summer requires detection of 
the cooling effects by remote telemetry, and this advanced technology has been largely overlooked in the 
literature. In Taiwan, very few studies have focused on the cooling effects of wetscapes beyond green 
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fields [3], and a sophisticated cluster-pond dynamics model is lacking due to a shortage of regional 
temperature data. In this preliminary research, the authors attempt to model the entire wetscape cool-
island effects to formalize the relationship between land surface and wetscape in the tableland of Northern 
Taiwan’s Taoyuan County, and confirm that higher potential evaporation results in cooling effects on 
summer temperatures.  
2. Materials and Methods 
2.1.Materials.  
The study area is located in Taoyuan County, Taiwan. The Taoyuan Tableland lies between the 
northern border of the Linkou Tableland (23°05'N, 121°17'E) and the southern border of the Hukou 
Tableland (22°55'N, 121°05'E); it borders the town of Yinge in the east (22°56’N, 121°20’E) and the 
Taiwan Strait in the west (22°75’N, 120°99'E) [5,6]. It sits at elevations from sea level to 400 m and is 
composed of tableland up to 303 m and hills with sloping gradients from 303 to 400 m. It runs in a 
southeast-to-northwest trend, abutting mountains in the southeastern corner and the shore of the Taiwan 
Strait in the northwest. With a high average humidity of 89%, the tableland is located in a subtropical 
monsoon region with humid winters and warm summers. Annual average precipitation ranges from 1,500 
to 2,000 mm [5,6]. Fig. 1. depicts the location of the Taoyuan Tableland in northwestern Taiwan. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Study areas. 
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2.2.Methods. 
The authors compared 20th century local temperatures from four counties/cities in Taiwan: Taipei City, 
Taichung City, Nantou County (Sun Moon Lake), and Taoyuan County (see Fig. 1). Taiwan’s Central 
Weather Bureau has kept temperature records since 1896 [4], though records for Sun Moon Lake in 
Nantou County only began in 1942. These records were supplemented with temperature data from the Tea 
Research and Extension Station (TRES) in Taoyuan County, which began keeping temperature records in 
1910. Data on global temperatures were sourced from NASA records (http://data.giss.nasa.gov/gistemp/). 
A high-resolution Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) image 
from NASA (http://asterweb.jpl.nasa.gov/) was also applied by the Spatial Analyst Module (SAM) 
through GIS analyses associated with time-serial models:  
(1) Data calibration: The authors used long-term temperature data from TRES to calibrate the ASTER 
satellite image data for 2002 and 2003, with two temperature data grids.  
(2) Vector data to raster conversion: the authors converted farm-pond vector data to raster to allow for 
the easy temperature calculations from the layer formats. 
(3) Zonal statistics: SuperGIS 2.2, a GIS program associated with Spatial Analyst Module (SAM), was 
applied with the zonal statistical approach to calculate farm ponds. An average temperature chart was 
created by SAM.  
(4) Overlapping of computing layers: the authors applied the results of the step of (3); then did the 
overlap step of (2), and finally produced new layers from the output associated with the digital terrain 
model (DTM). 
(5) Time-serial model: The authors applied the autoregressive model, as AR(p) 
                                                                                               
ĂĂĂĂĂĂ(1) 
  where   is the source of randomness assumed to have the following characteristics: 
 
 
                                                       ..………...…..….(2) 
 
 
This autoregressive model is based on the aforementioned assumptions with normal white noise, 
denoted as Normal-WN: 
 
                                           ĂĂĂĂĂĂĂĂĂĂĂĂĂĂĂĂĂĂĂ.(3) 
3. Results 
4.1.Temperature comparison. 
The significant influence of sub-region location on temperature was evident in the temperature records 
at any spatial scale. Fig. 2 shows annual mean temperature change in four sub-regions as well as the 
global mean temperature from 1904 to 2007. Not surprisingly, temperatures within two urban sub-regions 
(Taipei City & Taichung City), along with the global mean temperature, rose steadily. Taichung is about 
200km south of Taipei, and has a correspondingly higher average temperature. However, temperatures in 
Nantou County (Sun Moon Lake) stay level over time, exhibiting only slight fluctuation since 1943. The 
most interesting finding was that dramatic temperature changes in Taoyuan County corresponded to the 
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incidence of drought. Moreover, the slope in the time series was negative (-0.115), indicating a decreasing 
temperature trend over 100 years , where y ( )= -0.233ln(x = year) + 22.196 in Taoyuan County. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Regression trend for temperatures over the past 100 years. 
4.2.Temperature Calibration.  
The spatial distribution of local surface temperature was mapped from the ASTER surface temperature 
data for Feb. 28, 2002 and July 9, 2003. Winter and summer mean patch values for ponds were calibrated 
at 29.8°C and 33.5°C, respectively, with an obvious cooling island effects corresponding to 
concentrations of ponds, especially in the winter sample. Taoyuan International Airport and other urban 
areas showed a heat island effect in the winter sample. 
The summer sample shows the surface temperature of the Taoyuan Tableland on an overcast, misty day. 
The temperature of each pond surface could be detected as follows. Given the summer mean patch values 
of ponds at calibrated values of 33.5±3.964°C, the cooling island effects obviously correspond to the 
locations of pond concentrations. Taoyuan International Airport and other urban areas showed a heat 
island effect of reddish spots (see circle in Fig. 3). 
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Figure 3. Surface temperatures of ponds associated with northeastern the-bound DTM simulation 
model. 
4. Discussion & Conclusion 
The Time-Series Regression Model (TSRM) describes the autoregressive model in Taoyuan as a 
downward trend in Taoyuan from a mean temperature of 21.3°C in 2007 to 19.72°C in 2099 by the  
 
equation     
. 
Temperature trends, with a negative trend of y = -0.233ln(x) + 22.196 affected by anti-global warming, 
may be explained by covariant factors from the seaward terrain to wetscape cooling effects. Historical 
records provide some interesting findings regarding microclimates. Comparisons of variations in 
precipitation data from 1951 to 1966 suggested that drought may precipitate future crises. The 
government thus established the Shihmen Reservoir in Taoyuan County to provide for irrigation. 
Beginning in the 1960s the Shihmen Main Canal Irrigation System (SMCIS) destroyed ponds in the 
Taoyuan 
International 
Airport 
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Taoyuan Tableland’s southern region, especially in areas located within major transportation corridors [5].  
Since then, the area covered by farm ponds has been significantly reduced, especially in Yangmei and 
Hsinwu Townships.  According to maps from the Combined Logistics Command, Ministry of National 
Defense (1960, 1:25,000 scale), the area taken up by farm ponds dropped from 6,658 ha in 1926 to 4,970 
ha in 1960. According to maps from the Department of Land Administration, Ministry of the Interior 
(1999, 1:25,000 scale), by 1999 farm pond coverage was reduced another 2,044 ha to a total of 2,926 ha 
[6]. In summary, loss rates of pond coverage are highest in areas of urban development, but coverage 
declined most rapidly in irrigated agricultural areas.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. TSRM temperature predictions for Taoyuan 
(with a negative trend of y = -0.233ln(x) + 22.196) 
Future studies will investigate the effect of pond-loss due to urban sprawl on wetscape microclimates. 
The author will add a pulse effect and create a scenario model considering global warming, the urban heat 
island (UHI) effect, pond loss effect, precipitation, and elevation above sea level to establish a new model 
to simulate future temperatures for the Taoyuan Tableland. 
Acknowledgment 
The authors would like to thank the anonymous reviewers, editors, and helpers for their contributions 
of this study. This work is partially supported by National Science Council Grant # NSC 99-2410-H-216-
007 to W.-T. Fang 
1465 Wei-Ta Fang et al. /  Procedia Environmental Sciences  10 ( 2011 )  1459 – 1465 
References 
[1] A. Ishii, S. Iwamoto, T. Katayama, T. Hayashi, Y. Shiotsuki, H. Kitayama, J.I. Tsutsumi and M. Nishida: A comparison 
of field surveys on the thermal environment in urban areas surrounding a large pond: when filled and when drained. Energy and 
Buildings 15-16:965-971.(1990/1991) 
[2] B.W. Webb, D.M. Hannah, R.D. Moore, L.E. Brown and F. Nobilis: Recent advances in stream and river temperature 
research. Hydrological Processes 22:902-918. (2008) 
[3] C.-R. Chang, M.-H. Li and S.-D. Chang: A preliminary study on the local cool-island intensity of Taipei city parks. 
Landscape and Urban Planning 80: 386-395.(2007) 
[4] Central Weather Bureau, Ministry of Transportation and Communications. The Book of Climate and Weather Data. Taipei, 
Taiwan, Republic of China (2011) 
[5] W.-T. Fang and Y.-W. Huang, in: Modelling Geographic Information System with Logistic Regression in Irrigation Ponds, 
Taoyuan Tableland, Volume 2, International Conference on Fuzzy Systems and Neural Computing, 26-30 (2011), in press. 
[6] W.-T. Fang: A Landscape Approach to Conserving Farm Ponds for Wintering Bird Refuges in Taoyuan, Taiwan. 
Dissertation, Texas A&M University. (2005) 
